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A b s t r a c t  
2 Deep V e r t i s o l  r e g i o n s  i n  l n u i a  d i t h  d e p e n d a b l e  r a i n t a l l  a r e  
3 c h a r a c t e r i z e d  by the w i d e s t  gap b e t w e e n  a C t u d 1  dnd p o t e n t i a l  
4 p r o d u c t i o n  among d r y l a n d  t a r n l i n g  r e g i o n s .  T h i s  p a y e r  p r o v i d e s  a n  
5 u ~ d a t e d  economic  a s s e s s ~ n e n t  o f  a se t  o i  t e c h n o l o q i c a l  o p t i o n s  
t a r g e t t e d  f o r  t h o s e  r e g i o n s .  I n v e s t i n g  i n  s u c h  d r y l a n d  
t e c h n o l o ~ i c a l  o p t i o n s  may be n~uch  more s o c i a l l y  p r o f i t a b l e  t n a n  
i h v e t i r l y  i n  l a r g e r  i r r i g a t i o n  scrlernes i n  t h e s e  r e g i o n s ,  
Ihe  d s s e s s m e n t  i s  b a s e d  on r e s u l t s  of  d d t e r s h e d - b a s e d  
v e r i f i c a t i o n  t r i a l s  arid tes ts  c a r r i e d  o u t  c o l l a b o r a t i v e l y  by 
LCHISAT, s t a t e  d e p a r t m e n t s  o f  a g r i c u l t u r e ,  and  o t h e r  i n s t i t u t i o n s  
111 Andhra P r a d e s h ,  K a r n a t a k a ,  and lYddtrya P r a d e s h  du r i r ty  1979-b3. 
The l j ro f  i t a b i l i t y  o f  t r a d i t i o n a l  and  i n ~ y r o v e d  tec t r r lo loqy O P t i O I l S  
a r e  c o n p a r e d ,  and  t h e  u n t a p p e d  e c o n o m i c  p o t e n t i a l s  of  some 
c r o p p i n g  s y s t e m s  a r e  i l l u s t r a t e d .  
l s s u e s  r e l a t i n g  t o  t e c h n o l o g y  q e r i e r a t i o n  and t r a r ~ s f e r  a r e  
a l so  examlned  w i t h  i n f o r m a t i o n  f ro le  t h e  v e r i f i c a t i o n  t r i a l s .  
S e v e r a l  q u e s t i o n s  n a v e  t o  be a n s h e r e d  b e f o r e  t h e s e  tec t ino1ogy 
o p t i o r l s  car)  f i n d  a home i n  farmers' f i e l d s .  Most  r e q u i r e  i n p u t  
f r o a  e c o n o m i s t s  and s e v e r a l  s p e c i f i c  interdisciplinary r e s e a r c h  
s t u d i e s  a r e  d e s c r i b e d .  The p a p e r  c o n c l u d e s  by p o i n t i n g  ou t  
i n s t i t u t i o n a l  charrged t h a t  dre n e e a e b  t o  accommodate  a w d t e r s h e d  
a p p r o a c h  t o  t e c h n o l o g y  t e s t i n g  a n d  t r a n s f e r  i n  these h iqh  
y r o d u c t i o n  p o t e n t i a l  d r y l a n a  c r o p p i n g  r e g i o n s  
1 The Economics of ~ e e d  Ver tlsols Technology Opt ions : Implicdtions 
2 for Design, Testing, and  rans sf er * 
.i\J 
T, S. halkcr, J,C, Ryan, K.G. Kshirsagar 
Introduction 
Une of the greatest chdllenges for agric 
extensionists, bdnkers, ana p~licymdkers in 
7 adapt, and trdnsfer tecnnoloyies to the lai~lfall-dssured, deep 
Ver tisol reaior~s, which we believe dre crlaracter ized by trre, 
widest yap between potential and dctual production of any dryland 
farlninq region in India, This paper provides sf) upddtea economic 
assessment of one set of technological options, knicrl kere 
initially developed and tested at lCH1SAT Center in the 1970s and 
hnich dre targeted for those regions& A detailed descriptiorl and 
analysis of the that produc tiorr e~lvironment , the 1i11~rovea 
t e ~ h n 0 l O ~ i C d l  options, their perfor~ndnce in ICPlSkT Center and in 
an on-farm verification trials in 1981-82, and related policy 
------------------------------- 
*Fresented at the 1SAt;/ICiiISAT/AICHPDA Seminar on Technology 
Options and Economic Policy for Dryland Agriculture: Potential 
ana Chdllenge, 22-24 August 1983, lCHISAT Center, Patdncheru, 
AwPw, India, 
*3  Principal Economist at tne International Crops Research 
Institute for the semi- rid Tropics (ICHLSAT), Patancheru, Andhfa 
Pradesh 502 3 2 4 ,  India and Associate tor the Agricultural 
Development Council (ADC); forn~erly Principal Economist at 
ICPISAT, presently Deputy Director., Australian Center for 
international Agricultural Hesearch (ACIAH), P . O .  Box 1571, 
Canberra City ACT 2601, Australia; Senior fiesearch Associate at 
1CHlSAT; .formerly Senior kesearch Associate at ICHISAT, 
presently Economist, National Bank for Agriculture dnd Rural 
Development (HABARD), Jaiyur 322 001, Hajasthan, India, 
1 issues are contained i n  Ryan, Virmani, and Shindale (19821, uur 
2 presenfdtion Supplements ttieir discussion and is base0 largely on 
3 results from on-farm waterstled-based trials d~rd tests 01 tne 
4 technological options during 1979-84, 
he briefly describe the wet deep bertisol production 
errvironfi~ent dnd the technoloqical options in the next section. 
he then analyze economic aspects of t h e  on-tarn1 verltication 
trials and tests, and yo on to evaludte farmer participation. 
1111plica t ions for tectlr~ologlcal deslgrl aria tor investmerit 
alternatives, testing, and transfer are then presented, de 
conclude by identifying severdl probletn areas for further 
econon~ic research. 
Potential of the Deep Vertisol Production Environment 
and the Improved Technological Options 
The improved technoloqical options are an outcome of research 
that dddresses the problen~ of rainy seasoft (kharlfl tallowir19 on 
* 2 deep black, shrink-swell soils, scientifically called Vertisols , 
Knarif fallowing on deep Vertisols niay be due to too much or loo 
little ralll. ~irrnani et al, (19811 have divided Vertisols into 
( 1 )  wetter areas with relatively dependable rdinfall, u s u a l l ~  
llleaniny an average annual rainfall of over 750 am; and ( 2 )  arier 
areas rrith relatively unreliable rainfall, usually inlylying a 
mean annual rainfall less than 750 mot. 
1 The improved t e c h n o l o ( l 1 c a l  o p t i o n s  t o r  t h e  b e t t e r  r e ~ i o r r s  
2 a r e  b a s e d  on t h e  p r e m i s e  t h a t  poor f i e l a  s u r l d c e  a r a i n d y e  on deep  
j V e r t l s o l s  i n  medium dnd h iq l r  r a i n t a l l  a r e a s  i s  d s e v e r e  
4 c o h s t r a i n t  t o  k n a r i f  c r o p ~ i r ~ y .  An i n v e s t m e n t  i t ,  l a n d  l e v e l l n q ,  
5 drrd i n  f i e l d  dnd commutriry d r a i n s ,  t o g e t h e r  w i t n  c u l t i v d t i o n  on 
b g r a d e d  b roadoeds  and t u r r o e s ,  s h o u l d  r e s u l t  In intprovea d ra i r raye  
and L e t t e r  i n  s l t u  ~ n o i s t u r e  c o n s e r v a t i o n .  T t ~ e s e  nledsures a l l o w  
f a r m e r s  t o  Jrovs t d o  c r o p s  l r r s t e a d  of  one w i t h  s e q u e n t i a l  
c r o p p i n g ,  o r  add t h r e e  months t o  t h e  growiny s e a s o n  k i t 1 1  
i n t e r c r o p p i n g .  A s o c i a l  t e n e f r t  d c c r u i n y  from mole Knar i f  
c ropp i t ry  i s  r e d u c e d  s o i l  e r o s i o n .  T W O  o t h e r  p r e r e q u i s i t e s  f o r  
the s u c c e s s  o f  t h e  improved tecirrrology a r e  dependable 
e a r l y - s e ' a s o n  r a i n f a l l ;  f o r  d r y  s e e d i n y ,  and deep  s o i l s  w i t h  enougn 
w a t e r - n o l d i n g  c a p a c i t y  t o  p roduce  two c r o p s  d i t h o u t  i r r i q d t i o n .  
~ l t t r o u y t r  t h e r e  a r e  no r e l i d o l e  d a t a  on t h e  s i z e  of the deep  
V e r t i s o l  r e g i o n s  r i t h  oeyerrdaole r a i n f a l l ,  Ryan e t  d l .  ( 1 9 8 2 1  
e s t i m d c e  t h a t  i t  r a n g e s  i n  I n d i a  from 5 t o  1 2  n ~ i l l i o n  ha.  I t  
c o v e r s  l a r g e  a r e a s  o f  Madnyd P r a d e s n  and p a r t s  of Andhra P r a a e s h ,  
M a h a r a s h t r a ,  and Karna taka .  
The lmproved technologY i s  c a r r i e d  o u t  on s n l a l l  r a t e r s l l e d s ,  
g e n e r a l l y  r a n g i n g  from 3 t o  2 5  ha. The Fackaqe of improved 
t e c h n o l o q i c d l  o p t i o n s  i n c l u d e s  t h e  f o l l o d i n g  conlponents: 
1. P o s t h a r v e s t  c u l t i v a t i o n  f o l l o w i n g  t h e  p o s t r a i n y  s e a s o n  r a b i  
c r o p ;  
2. l and  srnootnincr and s h a p i n g ,  c o n s t r u c f i o r r  o t  f i e l d  and 
1 coa~munity d r a i n s ,  and the use of graded broadbeas a r~d  turrows; 
2 3 .  dry seeainy be fo re  the  n~onsoon; 
I 
3 4. use of improved c u i t i v a r s  d ~ r d  trioaerate it111ounts o t  t e r t i l i z e r ;  
4 5. improvea placement of  Seeds drlu f e r t i l i z e r ;  dna 
5 6. tinlely p lan t  p ro tec t ion .  
6 Most o t  . these p r a c t i c e s  dre  lmplemenced w i t h  a b~llo~k-CIrdVin 
7 wheeled t o o l  c a r r i e r .  ' I l lerefore,  erryineer i n g ,  agrorlon~ic, 
8 b i o l o g i c a l ,  and mechanical components comprise t h e  pdchdye, which 
Y i s  ~OInpleX b u t  t l e x i b l e  errouyn t o  a d j u s t  t o  l o c a t i o n - s p e c i t i c  
10 condi t ions .  
11 The production p o t e n t i a l  of tne  h i y t ~ e r  r a i r r f a l l  ueep 
12 V e r t i s o l  regions  i s  r e t l e c t e d  in  the  economic ddta repor ted  i n  
1 3  Tsble 1 ,  hhich i s  based on ,1981-82 r e s u l t s  o t  a long-term, 
14 ope ra t iona l - sca le  experiment t o  a s s e s s  the  perfor~r~arrce of 
cropping systems under d i f f e r e n t  s o i l s  a t  ICHlSAT Center under 
two t e r t i l l t y  regimes (ICHISAT 1983). Rased on p a s t  r e s u l t s  and 
exker ience ,  the most promising cropping systems were s e l e c t e d  f o r  
t e s t i n g  i n  ope ra t iona l - sca le  p l o t s .  Un average,  t h e  "bes t -be tn  
croppiny systems grown i n  deep V e r t i s o l s  <lave ne t  r e t u r n s  20 and 
30% higher  under mediun~ and low f e r t i l i t y  than t h e i r  n e a r e s t  
compet i tors  p lanted  i n  meoiun~ deep k e r t i s o l s .  111 terms of 
economic p roduc t iv i ty ,  one na of deep V e r t i s o l s  i n  1981-82 a t  
ICRISAT Center was worth about 1.50 ha of A l f i s o l s  under low 
1 f e r t i l i t ) ,  dnd 1.85 ha urluer nlediunl t e r t ~ l l t y .  n ine  o t  ttle 11 
2 cropping systems p lanted  i n  aeep V e r t i s o l s  * ~ t h  medium t e r t i l i t y  
3 gave n e t  r e t u r n s  t h a t  exceeaed Us 400u/na (Tdble 1 ) .  S i n ~ i l a r  
4 cohyirrdtive r e s u l t s  a c r o s s  s o i l s  dere obtdined a t  ~ C K I S A T  Cerlter 
b The operd t iona l  s i g n i f  icdrrce of  t he  unexploi ted t r o d u c t  ion 
7 p o t e n t i a l  of the  V e r t i s o l  region  m i t l ~  a e y e n d ~ b l e  r a i n f a l l  is t h a t  
8 i t  may be f e d s i b l e  t o  use a packdge dpPC06Ch w ~ t l ~  Severdl  
9 c l u s t e r s  o t  i~nyroved t e c i ~ n o l o q i c d l  optiolrs t o  lndrkedly i n c r e a s e  
10 p r o d u c t ~ v i t y .  such o p p o r t u n i t i e s  a r e  r a r e  in .  dryldnd c l ~ r i c u l t u r e  
11 i n  t he  S A l ' ,  
Economic Resu l t s  from On-Farm V e r i f i c a t i o n  
T r i a l s  and Tes t s  
The on-farm v e r i f i c a t i o n  o f  t h e  t e ~ h n 0 1 0 g i ~ d l  o p t i o n s  on deep 
V e r t i s o l s  cdn oe d iv ided i n t o  t h r e e  s tdqes .  Tt~e i n l t i d l  on-fdrm 
t e s t s  i n  1979-80 and 1980-81 were conductea a c r o s s  a f a i r l y  wide 
range of s o i l ,  r d i n f a l l r  and c rop  envi ron~uents  i n  t h r e e  v i l l a g e s ,  
where t n e  Economics Proqraln nad i n i t i a t e d  socioeconon~ic e n q u i r i e s  
and pos ted  r e s i d e n t  l n v e s t i g a t o r s  s i n c e  1975-76.  succeed in^ 
v e r i f i c a t i o n  e f f o r t s  focused on a few s i t e s  i n  deep V e r t i s o l  
r eg ions ,  These t r i a l s  a r e  c a r r i e d  out  c o l l a b o r a t i v e l y  by 
ICRISAT, s t a t e  departments  of a j r i c u l t u r e ,  ana o t h e r  i n s t i t u t i o n s  
i n  Andhrd Pradesh, Karnataka, and Madhya Pradesh. On t h e i r  own 
i n i t i a t i v e ,  . t h e  s t a t e  departments  of a y r i c u l t u r e  i n  Andhra 
Pradesh,  harnataka ,  and Maharashtra s t a r t e d  t e s t s  i n  1982-83, 
rable 1, Production p o t e n t i a l  i n  n e t  r e t u r n s  (Rs/ha) o f  d i f f e r e n t  s o i l s  
under medium and low f e r t i l i t y  i n  ope ra t iona l - sca l e  p l o t s  a t  
ICRISAT Center,  r a iny  and pos t r a iny  , seasons  1 9 0 1 / 8 2 .  
Producti on p o t e n t i a l  
Resource base 
Deep Medium-deep 
Ver t i  s o l s  Ver t i  s o l s  
LI M~ tl ~2 
Shallow 
Ver t i  s o l s  
~1 h12 
Alfisols  
L M L *  
Average n e t  r e t u r n s  2 8 3 6  4326 1981 3614 1378 2503 1916 2 3 4 2  
(Rs/ha) 
Number of cropping 11 6 6 10 
systems t e s t e d  
Number of cropping 
systems where 
average n e t  
r e t u r n s  
1. Low f e r t i l i t y  re fers  t o  N - P ~ O S - K  of 0-0-0. 
2. Medium f e r t i l i t y  refers  t o  N-P20s-K of 60-30-0. 
Source: Data adapted from ICRISAT 1983, Annual report 1982. 
1 ICHlSAT o f f e r e d  t e c h n i c a l  n e l p  on  o n e  s i t e  1 e a c h  s t a t e ,  I n  
2 1983,  the  t e s t i n g  p rog ram wds e x p a n a e d  t o  s i t e s  i n  2 6  d i s t r i c t s  
3 O f  Andnrd P r d d e s h ,  K a r n a t d k a ,  MdhdrdSht ta ,  dnd MddhYd Pradesh 
4 (Na idu  .1983) ,  
5 Compar ing  p r o f i t a b i l i t y  o f  Ifriproved a n d  
6 T r a d i t i o n a l  T e c h n o l o q y  O p t i o n s  
7 The e a r l y  on-farm t e s t s  i n  A u r e p a l l e ,  Kdnza rd ,  a n d  S h i r a p u r  
8 p r o v i d e d  i n f o r m a t i o n  on where  t n e  improved  t e c h n o l o g i c a l  o p t i o n s  
9 b e s t  s u i t  r e y i o n a l  s o i l  and  r a i n f a l l  c o n d i t i o n s ,  A l t h o u q h  some 
10 c o m p o n e n t s ,  s 'uch a s  h i g h  y i e l d i n g  v a r i e t i e s  (HYVs) a n d  p r e c i s i o n  
11 p l a c e m e n t  o f  f e r t i l i z e r ,  s i q n l f i c a n t l y  i n c r e a s e d  y i e ld s  i n  some 
12 s i t e s ,  p a r t i c u l a r l y  i n  t h e  A l f i s o l s  o f  A u r e p a l l e ,  t h e  c o n l p l e t e  
P a c k a g e  O f  P r d c t i c e s  vas n o t  r e ~ n u r ~ e r a t i v e  i n  t h e  i n i t i a l  on-farm 
tes ts  ( S a r i n  and  Ryan 1983 ) .  In 1979-80,  m e r g i r ~ a l  r a t e s  of  
r e t u r n  on  a d d i t i o n a l  i n v e s t m e n t  d i t h  t h e  i n ~ p r o v e d  t e c h n o l o y Y  * e r e  
n e g a t i v e  ( T a b l e  2 ) ;  i n  1980-81 m a r g i n a l  r e t u r n s  were  p ~ s i t i ~ e  
b u t  n o t  attractive, Kharif c r o p p i n g  i s  k i d e l Y  p r a c t i c e d  i n  
A u r e y a l l e  and  K a n z a r a ,  where  d r a i n a g e  i s  n o t  a c o n s t r a i n t ,  I n  
c o n t r a s t ,  k h a r i f  f a l l o w i n g  1s common i n  S h i r a p u r ,  e v e n  t h o u g h  
r a i n f a l l  i s  low a n d  u n d e p e n d a b l e ,  S u b s e q u e n t  b a s e  d a t d  d n a l y s i s  
( U i n s w a n g e r ,  V i r m a n i ,  a n d  Kampen 1981) shows t ha t  k h a r i f  c r o p p i n g  
is  t o o  r i s k y  t o  b e  e c o n o m i c a l l y  a t t r a c t i v e  i n  t h e  S h o l d p u r  
r e g i o n  4. 

1 Based on this and other information, later verification 
2 efforts focused on the higher ,rainfall deep Vertisol fellow 
3 regions wnere rainy season c r o y ~ l n g  is l i ~ e l y  to be constrained 
4 by poor cardinage. 11) tne Taddanpally and Sultar~pur test sites, 
5 the improved technoloqical options performed well. An additional 
6 in'vest~nent in operating cost of about hs 6UO/ha generated 
7 incremental returns of between P s  1590 and Rs 2000/ha durtnq 
8 1981-82 and 1982-83 (Table 2) .  The technology also performed 
9 well in Anthwar, another ratershed test site in Medak district, 
10 where the A n d m a  Praaest~ State Department of Agriculture carried 
11 out a veriticirtion trial with seven tdrrr~ers in 1982-tr3. Tne 
12 Anttiwar verification test was expanded to 45 farmers in 1983-84. 
Despite their low relative profitability, .the improved 
technologlcal options shoked considerable promise in the 
Uegumgunj watershed in Madhya Pradesh during 1982-83. An early 
season drought f n  late June and early July, followed by 
uninterrupted rain in aia- to late-July and August, led to poor 
stand establishment dnd inetfective weed control; it wds dlso 
not Possible to top-dress fertilizer (Ileinrich and Sanyle 1 9 6 3 ) .  
Yet, .several encouraqing S ~ Q T J ~ ~ S  emerged from the Madhya Pradesh 
experience in 1962-83. First, some cropping systems, 
particularly tne soybean/yigeonpea intercrop, performed well with 
profits over Hs 3300/ha (Appendix Table 4). Secondly, grain 
yields in a companion cropping systenls experiment ranged trom 3 
to 4 t/ha in some treatments (Heinrich and SanQle 1983, Courtesy 
M.S. Reddy). . Thirdly, farmers netted profits of only about Rs 
800/ha with .their traditional practices in 1982-83; profits from 
t h e  u s e  o f  t r a d i t i o n a l  p r a c t i c e s  i n  ttbe o t h e r  w a t e r s h e d  s i tes  
were  much r l i ghe r  i n  Andllrd Prac lesh  a n d  K a r n a t a k a  ( , ' laole  2 a n d  
Appendix  T a b l e s  l,2, a n d  3 ) .  Nence,  t h e r e  a p p e a r s  t o  be a 
s u b s t a n t i a l  marg in  f o r  i lnproveinent  i n  t h e  d e p e n d a b l e  r a i n t a l l ,  
d e e p  V e r t i s o l  r e g i o n s  o f  hadhya  P r a d e s h ,  compared  t o  s i n t i l a r  
a g r o c l i m a t i c  a n d  s o i l  a r e a s  i n  Andhra P r a d e s t ~  a n d  K a r n a t a k a .  
L a s t l y ,  8 of  t h e  10 t a r m e r s  i n  t n e  v e r i t i c d t i o n  tes t  a u r i i r o  
1982-83 d e c i d e d  t o  p a r t i c i p a t e  i n  t h e s e  t r i a l s  d u r i n g  1983-845. 
To r e a l i z e  t h i s  p o t e n t i a l ,  a g r e d t e r  i n v e s t m e n t  i n  a d a p t i v e  
r e s e a r c n  i s  rieeded o v e r  s p a c e  a n d  time. 
E x p l o i t i n g  C r o p p i n g  S y s t e m s  P o t e n t i a l  
Al t l iough t h e  d e e p  V e r t i s o l  t e c h n o l o g y  o p t i o n s  g e n e r a t e d  ndnosome 
e c o n o m i c  r a t e s  o f  r e t u r n  i n  the  T d d d a n p a l l y  and  S u l t a n p u r  t e s t s ,  
t h e  F o t e n t i a l  o f  t n e  improved  c r o p p i n g  s y s t e m s  was r ~ o t  f u l l y  
t a p p e d .  Tne most  i m p o r t a n t  d e t e r m i ~ l a n t  o f  p r o f i t a b i l i t y  i n  t h e  
improved  c e r e a l / p i g e o n p e a  i n t e r c r o p  i n  Andhra P r e d e s h  i s  
e f t e c t i v e  iie1j.nuaJ.s ( p o d  b o r e r )  c o n t r o l .  F a r m e r s  i n  T a d d a n p d l l y  
a n d  S u l t a n p u r  r e l y i n g  on  e x i s t i r ~ v  s u p p o r t  s e r v i c e  s p r a y e d  
e n d o s u l f a n  s e v e r a l  times t o  c o n t r o l  a treavy kklioLhis i n t e s t a t i o n  
a n d  a v e r a g e d  a y i e l d  o f  j b o u t  4 5 9  k g / h a  o f  g i g e o n b e a .  
R e s e a r c h e r s  i n  a  l a r g e  f i e l d  t r i a l  i n  t h e  w a t e r s h e d  compare9  t h e  
e f f e c t i v e n e s s  of  aolinLiafs c o n t r o l  wi&h t n r e e  d i f f e r e n t  t y p e s  o f  
s p r a y e r s  ( P u l s e  EntomologY 198J) .  T ime ly  s p r a y i n g  ~ i t h  o n l y  two 
a p p l i c a t i o n s  o f  e n d o s u l f a n  r e d u c e d  l o s s e s  f rom &eUa&n.La, as. 
y i e l d s  r a n g e d  f rom 1150 to '  1250 k g / h a  a c r o s s  the t h r e e  t y p e s  o f  
s p r a y e r s .  These  r e s u l t s  s u o u e s t  t h a t  p o o r  c o n t r o l  o f  ktellotu 
Table 3. wing pattern c h o s ~  by f m s  in Sultanpur andTaddanpa1ly 
waters- during the first, second, and third year of partici- 
pation in the on-farm tests. 
-- 
Cmppbq pattern 
Kharif cereal plus Kharif pulse Noncereal-based 
Year o f  intercrop or rabi plus rabi cropphq system2 
part ic ipat ion  sequential crop sorghum 1 
--- % of total land in the watershed test--- 
Firs t  year 3 6 5 14 21 
Second year4 
~hird 
- - - -  
- --- - -- -- 
ci*. Refers t o  mwrg bean or - 'b lGk gram. 
2 .  Includes f a l l o w - c h i l l i e s ,  black gram/pigeonpea intercrop,  mung bean- 
chickpea sequence, mung b e a n - c h i l l i e s  sequence, and mung bean-safflower 
sequen ce  . 
3. Refers t o  Taddanpally 1981-82 and Sultanpur 1382-83. 
4 .  Refers t o  Taddanpolly 1982-83 and Sultanpur 1983-84. 
5 .  Refers t o  mung bean or black gram. 
pod borer  reduced y i e ld s  by 700  t o  800 kq/ha, rh ich i s  equivalent  
t o  a l o s s  of about Hs 2 5 0 U i h q  i n  p r o t i t s  a t  1983-84 pr ices .  
A l e s s  e x p l i c i t  source of untapped econo~nic p o t e n t i a l  
concerns the choice of cropping system. In the f i r s t  yedr of the 
watershed t e s t  i n  Taddanpally and Su l ta r~pur ,  farmers p lanted 659  
of the  wdtershed t o  systems t ha t  fea tured a  kharif  c e r e a l ,  
usual ly  sorghum, t h a t  was e i t h e r  intercropped or sequen t id l ly  
so.le cropped w i t h  a  Khari t  pulse  (Td l le  3 ) .  In the second and 
t h i r d  year,  farmers rever ted  t o  t h e i r  more t r a d i t i o n a l  p r ac t i c e  
of p lan t ing  r ab i  sorqhunl or S 0 ~ e d  a  oncere real-based crop,  usual ly  
a khar i f  f a l l ow-ch i l l i e s  sequence. 
Considera t ions  of crop r o t a t i o n  mdy have played a r o l e  i n  
condi t ioning the  choice of r db i  sorqhun~ and c h i l l i e s  during tne  
l d s t  few yedrs, b u t  we be l i eve  t h a t  the re  i s  a fundamental 
d i f f e r ence  i n  perception between researchers  ana f a r a ~ e r s  on the  
r e l a t i v e  p r o f l t d o i i t y  of Khdrif c e r e a l  snd more t c ad i t i ond l  
rabi-based cropping systems. I n  operatiotral  scd le  t r i a l s  a t  
ICHISAT, ~ n d r i f  cereal-based cropping s y s t e s s  have cons i s t en t l y  
yerforu~ed b e t t e r  than o ther  cropping systenrs on oeep be r t i so l s .  
For example, i n  1981-821 under mediunl f e r t i l i t y ,  e i gh t  khdr i f  
cereal-oased croppinq sy s t en~s  generated re tu rns  t h a t  averaged Hs 
4600/ha (ICRISAT, 19831. I n  c o n t r d s t ,  sequen t ia l  cropping of  
olUn9beanorabi sorghum yie lded r e tu rn s  o t  Rs 2600/har while t h a t  
o t  mungbean-chilies yie lded Rs 3,4oO/na. These d i f f e r ences  were 
a l s o  r e f l e c t e d  i n  the  Taddanpally and Sultanpur datersheds.  On 
an averdge, p r o f i t s  from kha r i f  cereal-based cropping systems 
exceeded p r o f i t s  from o ther ,  usual ly  more t r a d i t i o n a l ,  c r o ~ p l n q  
1 systems oy Z b Q ,  Apparently, tne perceptions economists and  
. 2 agronorr~ists hdve of the r e l a t i v e  p r o f i t a b l i t y  o f  a l t e r r l a t ive  aeep 
3 Ver t i so l  cropping sys te~ns  a r e  not shared by farmers i n  
4 Taddanpally and Sultanpur.  
Assessing His& 
The appropr ia te  ya rds t i ck  f o r  assess ing r i s k  i n  the  improved aeep 
Ve r t i so l s  technoloqy opt ions  i s  the  n~edsureiner~t of f l uc tua t i ons  
i n  r e l d  t i v e  prof i t a b l i  t y  over time, Such measurement f roln 
ICHISAT Cen te r -  shows t h a t  the standard devidt lon o t  p r o i i t s  
increased writh tne  improvea system, co~hpored t o  tl're t r ad i t io r ia l  
p r a c t i c e s  o f  fdrrner .~ ,  out the  c o e f f i c i e n t  o t  va r i a t i on  ( C V )  of 
C .  
p r o f i t s  f e l l  from 55 t o  259 (Ryan e t  a l .  1 9 8 2 ) .  T h u s ,  t he  
improved technological  opt ions  t r i e d  out  a t  lCHlSAT Center here 
tiot r e l a t i v e l y  more r i sky  than the t-arn~ers '  t r a d i t i o n a l  
p rac t i ces .  rje do not have enough observat ions  i n  ttre same 
watershed t o  c a r ry  out a r i s k  assessment over time; however, 
farmers may equate r l s k  wltn f i e l d - t o - f i e l d  v a r i a b i l i t y  they 
Observe i n  the  improved watershed p l o t s  within the  same crop pin^ 
Year* From tne  est imated CVs i n  Table 4 ,  we see  t h a t  tne  
improved technological  o p t i o r ~ s  compared favorably w i t h  fasnler 
p r a c t i c e s  i n  t h r ee  of t h e  four  watershed X cropping year 
conr~ina t iorls 
The exception was the  Bequmgunj v e r i f i c a t i o n  s i t e ,  where 
p lo t - to -p lo t  v a r i a b i l i t y  i n  p r o f i t s  was more t h a n  i n  nelghborinq 
farmers '  f i e l d s .  Farmers i n  tnis  watershed a l s o  stood a  g r ea t e r  
Table 4. Risk assessment between improve3 watershed plots and 
traditional farmers '  f i e l d s  i n  w a t e r s h e d  test  s i t e s .  
Watershed 
Number of, fields CV o f  gross p r o f i t s  
=OPPin4 wrnv Tradi- -roved ' I~adi-  
year watersh% tional watershed tional 
Taddanpally 1982-83 
and Sul tanpur 
1 c t l a n c e  o f  l r ~ c u r r i n q  l o s s e s  t h d n  ~ l e i q t l b o r l n j  f a r r n e r s  who p r d ~ t l C e d  
K n a r i f  f a l l o d i n q .  A l t h o u g h  trle i l r ~ p r o v e d  t e c h t l o l o y y  o p t i o n s  h e r e  
'on a v e r a g e  roore p r o f i t a b l e ,  t h e y  were  d l s o  more r i s k y .  The 
r e l a t i v e  r i s k i n e s s  o f  t e s t e d  s e q u e n t i a l  c r o y p i n y  s y s t e m s  i n  
1982-83 p r o b a b l y  partially e x p l a i n s  t h e  p o p u l a r i t y  o f  t h e  
i m p r o v e d  s o y b e a n / p i g e o n P e a  i n t e r c r o p p i n y  s y s t e m  i n  1983-84'. F o r  
t h e  s e v e n  f i e l d s  p l a n t e d  t o  s o y b e a n  s e q u e n t i a l  c r o p  s y s t e m s ,  t l ~ e  
CV of  g r o s s  p r o f i t s  was 3451;  t o r  t h e  tert f i e l d s  p l a n t e d  t o  t o e  
i n t e r c r o p s ,  t n e  CV o f  g r o s s  p r o f i t s  wds 35%. I n  1 9 b Z - 8 3 ,  
i n t e r c r o p s  a c c o u n t e d  f o r  a b o u t  5 0 %  o t  t h e  t o t a l  a r e a  y l a r i t e d  i n  
t h e  d a t e r s h e d ;  i n  1983-84 ,  s o y o e a n  and p i y e o n p e a  were  
i n t e r c r o p y e d  on  642 o f  t h e  w a t e r s h e d  a r e a .  T h i s  p o t e n t i a l  
corrf l i c t  b e t a e e n  r i , sk  a n d  p r o f  i t a b i l i t y  r u r t l l e r  h i q l l l i g h t s  t h e  
n e e d  f o r  inore a d a p t i v e  c r o a p i n g  s y s t e n ~ s  r e s e a r c h  i n  i ladhya  
P r a d e s h .  
D e v e l o p i n g  t h e  W a t e r s h e d  
Tne  d e v e l o p m e n t  c o s t  o f  t h e  o n - t a r m  ~ a t e r s n e a  t e s t  s i t e s  r a n g e d  
f r o m  a b o u t  Rs 200 t o  1 0 0 0 / h a  ( T a b l e  5 ) .  The h i g h e r  c o s t  i n  
Begumgunj  i n  Madhya P r a d e s h  r e f l e c t e d  t h e  n e e d  f o r  g r e a t e r  
d r a i n a g e  a s s o c i a t e d  w i t h  a h i g h e r  r a i n f a l l  e n v i r o n m e n t  a n d  t h e  
s u b s t l t u t l o n  o f  more  e x p e n s i v e  t r a c t o r s  f o r  c h e a p e r  b u l l o c k s  i n  
f o r m i n g  t h e  datershed. Even a t  RS 1 0 0 0 / h a  t h e  c o s t  o f  a a t e r s h e d  
!3 d e v e l o p n ~ e n t  i s  a t t r a c t i v e  when c o m p a r e d  t o  a n  i n v e s t m e n t  i n  
!4 i r r i g a t i o n ,  a s  t h e  s ~ x t h  P l a n  e r ~ v i s a g e s  a n  a v e r a g e  c a p i t a l  c o s t  
!5 ( a t  1 9 7 9 / 8 0  p r i ce s )  o f  a b o u t  HS 15uOO/ha t o  p r o v i d e  surface 
!6 i r r i g a t i o n  (Abble  e t  a l .  19821.  
Table 5, kvelopent aosts incurre3 in the first year of the test 
watershed sites. 
- - - -- - 
Cbst QmI#nent (Rs/ha) 
Fonning . 
Land Surveyhq mtal Main broadbeds & 
Watershed field 
-thing drains and 
t e s t  site fl~rsmas 
Kanzara 32 2 7 130 - 1 
1. Not computed as th is  act ivity was catrried out by ICRISAT. 
Farmer P a r t i c i p a t i o n  i n  Testing the  
Technology Options f o r  Deep Ve r t i so l s  
The watershed verification t e s t s  provide a  forum to r  fdrmers t o  
express  t n e i r  b e l i e f s  on the  r e l a t i v e  pertormance of t h e  improved 
technological  op t ions  i n  t h e i r  f i e l d s .  Pd r t i c i pa t l on  each year 
i n  the v e r i f i c a t i o n  t e s t  i s  voluntdry, and the percept ions  of 
fd rn~ers  on how d e l l  the  t e s t e d  technology pertorlns a r e  expected 
t o  s i gn i f  i cdn t l y  jnf luerrce dec i s ions  on par t i c ipa t ion6 .  
Levels of P a r t i c i p a t i o n  
I t  i s  too much t o  expect t h a t  every farmer k i l l  remain i n  the  
v e r i f i c a t i o n  t e s t  each year ,  j u s t  a s  i t  i s  too much t o  hope t h a t  
every p a r t i c i p a n t  d i l l  accept  every Conlyonent of  the t e s t ed  
technology, There a r e  110 hard and f a s t  gu ide l ines  about 
desirdtale r a t e  of t e chn010g~  acceptance based on v e r i f i c a t i o n  
15 t e s t s ;  nodever, HildeDfdna cons iders  t h a t  a  technoloqy should be 
16 recomnlended if 250 of tne  farmers In on-tdrm v e r i f i c a t i o t ~  t e s t s  
1 7  use the  in~proved technology on a t  l e a s t  259 of t h e i r  land i n  the 
10 fol lowing yedr 7. In the  t h r ee  l a rge r  v e r i f i c a t i o n  t r i a l s  i n  the  
19 dependable r d i n f a l l ,  deep Ver t i so l  regions ,  16 of the  o r ig ind l  31  
20 decisionn~aking p a r t i c i p a n t s  have continued i n  the  t r i a l  i n  the  
2 1  succeeding year (Table 6 ) .  A SO0 l e v e l  of p a r t i c i p a t i o n  SU9yeStS 
22 t h a t  t h e r e  i s  scope for wider d i f f u s i o n  of the technoloqy, 
23 Determinants of ~ a r t i c l ~ a t i o n  
Table 6. Farmer participation in b e  watershed tests. 
Test s i t e  
Fanners Iand - - - -~.. 
% of Total area % of tom Year 14umber total 1 owned land in the 
(%I watershed 
Tadd anpally 1982-83 4 3 6 5.50 3 8 
Taddanpally 
1. Based on the number of fanners and area covered in the first year of 
developnent of the watershed. 
c o n t r i ~ u t e s  t o  k h a r i f  t d l l o w i n q .  T h e r e f o r e ,  i t  i s  i n ~ p o r t a n t  t o  
a s s e s s  t n e  P e r c e p t i o n s  o f  f a r m e r s  or1 t i r l d  d r a i r r a g e  b e t o r e  a n d  
. a f t e r  t h e  i l l lproved t e c h n o l o g y  i s  t e s t e d  i n  t h e  w a t e r s h e d .  
R e s u l t s  f rom an e a r l y  a c c e p t a n c e  s t u d y  ( S a r i n  and  h a l k e r  1 4 8 2 )  of  
t h e  T a d d a n p a l l y  t v a t e r s n e d  i l l u s t r a t e  t he  r e l a t i v e  i n ~ p o r t a n c e  of  
t h e i f  P e r c e p t i o n s  on d r a i n a g e .  T h e r e  were  18 p l o t s  i n  t h e  
T a d d a n p a l l y  W a t e r s h e d  i n  198l1d2; b e f o r e  w a t e r s h e d  k o r k  s t a r t e d  
i n  1981-82,  f a r m e r s  p e r c e i v e d  t n a t  Poor  d r a i n a g e  was more of  a  
p r o b l e m  i n  some p l o t s  t n a n  Ln o t h e r s .  A l l  fdr118ers a y r e e d  t h a t  
t h e  nek  l d n d - a n d  r a t e r - m a n d y e m e n t  p r a c t i c e s  improved  f i e l d  
d r a i n a g e  un ~111 t h e i r  p l o t s .  Bu t  n o t  a l l  f d r m e r s  f e l t  t h a t  p o o r  
d r a i n a g e  i n  t h e  p a s t  had,  b e e n  a m a j o r  p r o b l e n ~  o n  some o f  t n e  
' p l o t s .  we e x p e c t e d ' ' t n a t  p a r t i c i p d t i o n  i n  1982-83  would be 
- g r e a t e r  f o r  t h o s e  f a r m e r s  who b e l i e v e d  t h a t  p o o r  f i e l d  a r a i n a g e  
h a s  a c o n s t r a i n t  t o  r a i n y - s e a s o n  c r o p p i n g  on  t h e i r  i n d i v f a u a l  
p l o t s .  T h i s  e x p e c t a t i o n  was t e s t e d  w i t h  the s i n ~ p l e  a e c i s i o r ~  
model  p r e s e n t e d  i n  ~ i ~ u r e  1. 
F o r  10 of  t h e  18 p l o t s ,  f a r m e r s  s a i d  t h a t  d r a i n a g e  was n o t  a 
C o n s t r d l r l t  t o  r a i n y - s e a s o n  c r o p p i n g .  h e  p red ic ted  t n a t  f a r m e r s  
owning  t h e s e  p l o t s  had  less i r l c e n t l v e  t o  p a r , t i c i p a t e  i n  19831-83 
a n d  1983-84  t h a n  f a r m e r s  c u l t i v a t i n g  f i e l d s  where t h e y  t h o u g h t  
d r a i n a g e  4.3s a p rob lem.  A n e g a t i v e  r e s p o n s e  t o  t h e  d r a i n a g e  
q u e s t i o n  i n  F i g u r e  1 d a s  a s s o c i a t e d  w i t n  n o n p a r t i c i p a t i o n  f o r  8 
o f  the  1 0  f i e l d s ,  The o t n e r  t ~ o  p l o t s  b e l o n g e d  t o  p a r t i c i p a n t s  
who p e r c e i v e d  t n a t  d r a i n a g e  was i n a d e q u a t e  I n  t h e i r  o t h e r  p l o t s  
i n  t h e  w a t e r s h e d .  F o r  a n  a f f i r m a t i v e  , r e s p o r ~ s e ,  we f u r t h e r  
q u e r i e d  w h e t h e r  m a n a ~ e m e n t  p r a c t i c e s  t a k e n  i n  p r e v i o u s  y e a r s  were 
Was drainage a problem in 
this plot in the past? 
Predict: Nonparticipation 
Nonpart icipation: 
Success rate: 80% 
Were mmaganent practices 
taken in previas years 
m e w h a t  effective in im- 
prwirg f ield drainage? 
Figure 1. Perceptions on field drainage and participation in 1982-83. 
I 
NO YES 
Source: Sarin Bnd Walker (1982). 
h 4 
Prdict : Participation 
Mnnber of ,plots : 5 
IWgaxticipation: 0 
Participation : 5 
Success rate : 100% 
Predict: Nonparticipation 
Mmrber of plots : 3 
Nmparticipation: 3 
Participation : 0 
Success rate :loo% 
D 
Partially effective in improving field drainage. A positive 
reply rrds seen to be corlsistent with a .prediction of 
nonparticipation, dhile a negative response s u ~ g e s  ted 
Participation. For these eight plots, predictions were 
consisterit with the decisions on participation. 
Based on this model, b e  could successfully predict 
participation on 16 of the 18  plots, These results strongly 
suggest tnat participation in 1 9 0 2 - 3 3  has influenced by the 
farnlers* perception of the status of field drainage in the past. 
ir~ile nonpdrticipdnts thought that drainage ras noL a problem, 
participants believed it was. 
Qartic~pants were dlso quick to point out tnat poor field 
arainage was not the only, or even the most important, constrdint 
to rainy-season cropping, Inadequate tield drainage may have 
Caused rainy-season . fallowiny, out other constraint8, such as 
weed and insect rnanaqement problems, may have been more lilllitiny. 
Economic Input into Design Questions 
One of the principal aims of involving economists in 
interdisciplinary farming systems reSedrCh is to improve the 
quantity and quality of information. flowiny from farmers to 
researcners, so t h a t  technological options are designed and 
modified according to farmers* circumstances. kith regard to the 
deep Vertisol technolo~ical options, economists have carried out. 
baseline surveys ' featuring watershed plot histories, Partial 
budgets comparing the profitability of improved options and 
traoitional tarm practices (Sarin and k y d n  1 9 8 3 1 ,  early 
acceptance studies n~onitoring farmer particlpatlon in the 
watershed (Sarin and ualker 19821, and In-depth economic 
assessments focusing on s p e c ~ f i c  lssues, such as redsons why 
farmers practice kharif falloding in het deep Vertisol regions 
(Michaels 1Ykll). Some toplcs--which nierit more attention from 
economists and relate to the design of deep Vertisol technology 
options--are discussed in this section under component research, 
croppiny systems research, and ddtershed management resedrch. 
Component Research 
Information trom verification trials a r ~ d  related on-farm researcn 
can be extremely useful in partially establislring priorities f o r  
component research. For example, the results in 1981-82 from the 
Taddanpally test hi~hlighted the importar~ce of effective Strlua 
and pod Dorer control. A t  present, there are several areas in 
which econonists can supply decisionn~akers with information on 
conlponen t r esearcn. 
Steps in Technology Trials 
The first issue centers on the often-asked questlon of how mucn 
eacn component separately contributes to increased productivity 
of the pactcage, This question is usually asked about t h e  
broadbed-and-furrow management system and the wheeled tool 
carrier. There is a consensus that broadbeds and furrows on deep 
24 Vertisols provide long-term benefits in the torn1 ot reduced soii 
erosion and better tiltn (Binswanger et ale 19801.  There is 
less agreement on tiok much the broadbed-and-furrw system 
directly itrcreases productivity in the snort run. SAmildS 
qUeStiPns are raised about tne wt~eelea tool carrier, rhich is 
costly but may give considerably higher dnd stabler yields trom 
better seed and fertilizer placelller~t 
Economic analysis of steps in technology experiments planted 
on deep Vertisols in 1976-77 and 1977-78 at ICRlSAT Center shobs 
that kith improved varieties and fertilizer, tne improved soll- 
and crop-manaqement steps can increase net benefits b y  more than 
Rs 1000./nd, compared to treatinents featuring improved varieties, 
fertilizer, and traditional soil- and crop-management practices 
thyan et dl, 1980J. In this con~parison, tne i~!~proved soil- and 
crop-management practices not only inc 1 ude the 
broaubed-and-furrow system with the wheeled tool carrier, but 
also entail postharvest cultivation and etfective plant 
protectionm Too many components change between the in~proved and 
traditional soil- and crop-manayenlent practices to allow 
identification of the contribution made b y  the wheeled tool 
carrier and the broadbed-and-furrod systebt. 
Partitioning the contribution of the deep Vertisols 
technological package to its con~ponents is thus beset by a number 
of problems, These include the inadequacy of small-scale p l o t  
research in draving i~nplications about outcomes trom 
watershed-based treatments, the sensitivity of results over time 
and tne consequent need for multiyear trials, the ditficulty in 
simulating f arrner management corlditions with redard to timeliness 
and 0tner  va r iab les  ( i n  ICHLSAT e x p e r i n l e ~ ~ t s ) ,  and the  absence of 
homogeneous Operator ; k i l l s  i n  the  mdnayen~er~t of wneeled too l  
c a r r i e r s  and t r a d i t i o n a l  bullock-drawn in~pletr~ents, Coir~blninq 
experinlrntal r e s u l t s  d i t h  base data  ana ly s i s  and whole farm 
modeling could help  overconle some of tnese  obs tac les ,  In 
1982-83,  when r a i n f a l l  #as  normal and evenly a i s t r i b u t e d ,  and 
a r a inaye .  was not  a problenl, use of the wheeled t oo l  c a r r i e r  h i t h  
t lat-on-yraae land manaqerr~ent Vdve higher p r o f i t s  than COU~petinQ 
implen~en t and land- and aa t e r - a~anagea~e~~ t  treatments i n  a 
sorghundplgeonpea i n t e r c rop  arld a  malze-ctrlckpea sequence 
(Nishin~ura and ~ e i n r i c t r  1903). These r e s u l t s  snoula be viewed 
k i t h  ciiution in  the  l i g h t  of yroblen~s dssocidted w i t h  
pa r t i t i on iny  the  cont ' r ibut ion of the deep Ver t i so l s  techlboloqical 
package, b u t  such techlrology t r i a l s  d o  f u r ~ l i s t ~  r i che r  tect lnlcal  
intorrndtion f o r  ciecj ,s ionn~a~ing,  Seldon~, i f  ever ,  do farmers 
adopt a whole package un less  they bel ieve  t h a t  each cos t  
component e f t e c t i v e i v  con t r i bu t e s  t o  enhanceu produc t iv i ty ,  
Demand fo r  kneeled Tool c a r r i e r 8  
19 Few farmers have purchased a dheeled t o o l  c a r r i e r  a t  
20 nonsubsidized p r ices .  A production engineer 's  reporL (Barwell 
2 1  19811 est imated t h a t  a complete machine w i t h  most 1n1PlelnentS 
1 2  should cost  about ~s 90009. ~ o s t  of the  demand has been 
23 i n s t i t u t i o n a l ,  pr imar i ly  by s t a t e  departments of ag r i cu l t u r e ,  
In the three  i n i t i a l  t e s t  s i t e s ,  ICHISAT made t h e  t oo l  
c a r r i e r  dvdi lable  on a r e n t a l  of Hs 15/day over two cropping 
years, Tnree t o  four  farmers i n  eacll v i l l age  used the  machine 
fort some operations--particularly seeding--for a fed days eacn 
Year. Most farmers were unwill ing t o  pdy  hs 15/day t o  h i r e  the  
wheeled tool  c a r r i e r .  
Under an enerqy conservation k ro jec t ,  the rldhdrashtra 
governe~enr subsiaized 809 o t  t h e  burchase p r i c e  o t  cheeled too l  
c a r r i e r s .  More than 400 t oo l  c a r r i e r s  were programmed for  
d i s t i l d t l o n  ln 1983 i r r  two taluKs ilishirsdgar a r ~ d  Mayeride 1983). 
I r respec t ive  of  the deep Ve r t i so l s  tecnrrological o p t i o ~ l s ,  a  
tollow-up stuuy on too l  carriers, ~ a r t i c u l a r l y  those purchased by 
farmers, i s  needed t o  e s t a b l i s h  khat uses they a r e  being p u t  to ,  
tfieir inlpdct, and how e f f e c t i v e l y  loca l  a r t i s a n s  d re  se rv ic lnq  
lltachines t h a t  have been lnanufactured ~ i t h o u t  s t r i c t  qua l i t y  
con t ro l ,  udta on market purchase and resdle  p r ices  would be 
valuable. Such a study could generate  more s p e c i f i c  information 
on what fdrmers a r e  w i l l i n g  t o  pay for  wheeled too l  c a r r i e r s  I n  
d i t f e r e n t  locat ions ,  
I t  is  Unlikely t h a t  a marginal reduct ion of 15 t o  209 i n  the  
cos t  of the  too l  c a r r i e r  w i l l  be accontpanied by a  s i g n i f i c a n t  
increase  i n  orders. I t  i s  c r i t i c a l l y  important t ha t  we f i n d  out  
23 i f  t oo l  c a r r i e r s ,  a s  p resen t ly  designed, have a f u tu r e*  I t  i s  
24  presumptuous t o  th ink t h a t  one s t u d y  can provide d e f i n i t i v e  
- 
25 answers t o  t n i s  quest ion,  b u t  informdtion i s  urgent ly  needed on 
26 demand parameters f o r  vheeled t oo l  c a r r i e r s  i n  d i f f e r e n t  
27  environments.' A review of recent  t rends  in  wdges e spec i a l l y  f o r  
plokmen and f u l l - t i n , e  f a rm l a b o r  would d l s o  h e l p  i n  e s t i n a t i n g  
t h e  de~llana f o r  wheeled t o o l  c a r r i e r s  and t h e  p r l c e s  t h a t  f a r m c r s  
a r e ,  l i K e l y  t o  pay f o r  them, 
The Economics o f  &U Pod Bore r  C o n t r o l  
More i n f o r ~ n a t i o n  i s  a l s o  needed  t o  p i n  doitn t h e  c a u s e  o f  poor pod 
b o r e r  c o n t r o l  by f a r m e r s  i n  SAT I n d i a .  rdost e c o n o n ~ i c  s t u d i e s  on 
t h e  a d o p t i o n  o f  p l a n t  p r o t e c t i o n  measures  s u g g e s t  t h e  t o l l o ~ i n q  
n l u l t i p l e  and i n t e r r e l d t e d  r e a s o n s  why SAT f a r m e r s  f i n d  i t  
d i f f i c u l t  t o  C o n t r o l  i n s e c t  p e s t s  ( H a s t o y l  and wnnamalai 1981):  
( 1 )  lacK of t l rne lv  i n f o r n ~ a t i o r ~  on when and how t o  c o n t r o l  
i n f e s t a t i o n s  t h a t  have u s u a l l y  exc'eeded economic t n r e s n o l d  
l e v e l s ,  ( 2 )  u n 3 v a i l a b i l i t y  o f  s p r d y e r s  and recon~mended 
i n s e c t i c i d e s  on a  timely ~ d s i s ,  ( 3 )  p r o h i b i t i v e  c o s t  of  some 
i n s e c t i c i d e s ,  and ( 4 )  l i m i t e d  s u p p l i e s  of  wa te r  f o r  s p r a y i n g ,  
T h e r e f o r e ,  i n e f f i c i e n t  p e s t  c o n t r o l  may be o e c a u s e  of c o n s t r a i n t s  
on t h e  g e n e r a t i o n  and d i f f u s i o n  o t  t e c l ~ n i c a l ' i n t o r m a t i o n ,  on 
i n p u t  s u p p l i e s ,  and on c a p i t a l  t o  i n v e s t  i n  n ~ a t e r i a l s .  
I n  t r a d i t i o n a l  f a r m i n g  s y s t e m s ,  i t  s i m p l y  may n o t  be 
p r o f i t a b l e  t o  s p r a y  i n s e c t i c i d e  f o r  UelbLbb (pod b o r e r ) .  k i t h  
t h e  improved deep  V e r t i s o l  o p t i o n s ,  i t  s h o u l d  be p r o f i t a b l e  f o r  
many f a r m e r s  t o  make t h e  t r a n s i t i o n  from an u r ip ro tec ted  t o  a 
P r o t e c t e d  p igeonpea  c r o p .  l i  this t r a n s i t i o n  i s  n o t  Iliaae, 
economic i n c e n t i v e s  f o r  r a i n y - s e a s o n  ( k h a r i f )  c r o p p i n g  will be 
n o t i c e a b l y  dampened. T h i s  c n a n y e  w i l l  i n c r e a s e  t h e  demand f o r '  
m o n i t o r i n g  pod b o r e r  p o p u l a t i o n s  and f o r  t e c h n i c a l  I n f o r m a t i o n  on 
Whqn and norr t o  spray,  pa r t i cu l a r l y  i n  Andl~rd Pradesh where 
i n f e s t a t i on  i s  o f t e n  severe. This in  tu rn  w i l l  p lace h e i ~ h t e n e d  
demands on tne research and del ivery  sys tea~s  t o  generdte and 
d i f t u s e  timely information on pod borer control  ibeasurss. As an 
a l t e r n a t i v e  s t r a t egy  t o  chemical con t ro l ,  p r o ~ ~ ~ i s i n g  c u l t l v a r s  
w i t h  some i i e ~ ~ ~ u s  r e s i t ance  sllould a l s o  oe t es ted  i n  the 
ve r i f i c a t i on  t r i a l s  a s  soon a s  possible.  
Incongruent Perceptions 
Econor~ics a l s o  nas a r o l e  t o  play i n  diagnosing the source of 
d i t t e r i n g  perceptions between researchers  and farlr~ers on trre 
r e l a t i v e  p r o f i t a b i l i r y  of a l t e r n a t i v e  cropping systems, The 
Z 
reluctdnce of farmers t o  adopt what seem to  be p r o f i t a ~ l e  kharif  
cereal-oased Cropping systems and t n e l r  preference fo r  
n~ungbean-rdoi sorghum and fa l low-ch i l l i e s  sequences may oe based 
on an i f l ~ y l i c i t  discounting of the qua l i t y  of l I k b r i 9  soryr~un qra ln  
and f o d d e r  r e l a t i v e  t o  r ab i  sorghum. Or pernaps farmers believe 
t ha t  hyorid Sorghum production e n t a i l s  g r ea t e r  y ie ld  r i s ~  trOo 
reducers sucn a s  u r l g s ,  snoot f l y ,  and head buqs than rabi  
sorghunl ~ r o d u c t i o n .  Farmers may a l s o  consider the pr ice  r i s k  
from uncertdin maize markets and p r i c e  reduct ions  from grain mold 
a t t ack  p r ec ip i t a t ed  by Sep tem~er  and Uctooer r a i n t a l l  on SOrUnum 
hybrids, llhey may a l s o  a t t a ch  a  higher imp l i c i t  p r i c e  t o  the 
Production of r ab i  sorynum, rnlch i s  t h e i r  subsis tence  s taple .  
khatever the  case,  the  i s sue  i s  not t r i v i a l .  If farmers continue 
r i t h  t r a d i t i o n a l  p r ac t i c e s  i n  the  absence of f u r t he r  in~provements 
i n  the  p r o t i t a b i l i t v  of noncereal-based cropping systenls, our 
